The MeOH extract of the ascidian Eudistoma vannamei was found to contain three novel compounds, the adenine alkaloid derivatives 9-[N-(leucyl)-isoleucyl]adenine (1) and 8-hydroxy-8-isopentyl-7,8-dihydroadenine (2), and the phenylalanine peptide derivative N-[N-(leucyl)-isoleucyl]phenethylamine (3). Other previously related compounds isolated from this extract include thymidine, 2'-deoxyuridine and phenylalanine. The structures of the new compounds were elucidated through the use of NMR and mass spectrometry.
Marine invertebrates have been recognized as a new source of diverse classes of compounds with promising pharmacological activities. Among these, ascidians belonging to the Eudistoma genus have been largely investigated due to their capacity to produce alkaloids with cytotoxic activities, such as those that have β-carboline, pyrrolopyrimidine, indole, ergoline, benzo-1,6diazaphenanthroline and guanine skeletons [1] .
Eudistoma vannamei Millar is an endemic ascidian of the northeast coast of Brazil, where it can be found in large colonies on beach rocks [2] . Preliminary pharmacological assays of the water/methanol extract revealed a marked bioactivity, especially concerning the growth inhibition of cultured tumor cell lines. Bioassay-guided fractionation of this extract led to the isolation and characterization of two highly cytotoxic staurosporines, 2-hydroxy-7-oxostaurosporine and 3-hydroxy-7-oxostaurosporine [3] . In continuation of the chemical and pharmacological investigation of this species, we now report the isolation of three novel compounds with unique structural features, two adenine alkaloids, 9-[N-(leucyl)-isoleucyl]-adenine (1) and 8-hydroxy-8-isopentyl-7,8dihydroadenine (2) , and the tyrosine peptide derivative N-[N-(leucyl)-isoleucyl]phenethylamine (3) (Figure 1 ), besides the known thymidine [4] , 2'-deoxyuridine [5] and phenylalanine. The cytotoxic activity of 1-3 was tested against HCT-8 (human colon) and HL-60 (human leukemia) cell lines; however, none of the compounds was active in these assays.
Successive chromatography of the MeOH extract of E. vannamei, using flash chromatography and HPLC, afforded three new compounds (1-3) ( Figure 1 ), besides thymidine, 2'-deoxyuridine and phenylalanine. The structures of the isolated compounds were elucidated by analysis of their 1D and 2D NMR, and mass spectra.
Compound 1 was isolated as a colorless resin, and its molecular formula C 17 H 27 N 7 O 2 was established by its quasi-molecular ion at m/z 362.2303 [M + H] + (calcd for C 17 H 28 N 7 O 2 : 362.2299) in the HRESIMS. The 1 H NMR spectrum showed two olefinic signals at δ 8.19 (s, H-2) and 8.12 (s, H-8), that were attributed to the adenine The presence of branched-chain amino acids was apparent due to the correlations observed by COSY experiment, which clearly showed all sequential correlations related to two subsystems. In this spectrum the vicinal correlation between the signals of the deshielded methine at δ 3.57 (H-17) with the methylene protons at δ 1.79 and 1.57 (2H-18), which, in turn, correlated with the signal of the methine at δ 1.80 (H-19) . Correlation of the methine at δ 1.80 (H-19) with the signals relative to two methyl groups at δ 0.98 (CH 3 -20) and 0.96 (CH 3 -21) revealed one subsystem formed by leucin. Also observed were the correlations of the methine at δ 3.51 (H-11) with the methine at δ 1.95 (H-12), which also showed NPC Natural Product Communications 2014 Vol. 9 No. 12 1713 -1715 1714 Natural Product Communications Vol. 9 (12) 2014 Pimenta et al.
vicinal couplings with the methylene at δ 1.55/1.27 (2H-13) and the methyl at δ 1.03 (CH 3 -15). The methylene at δ 1.55/1.27 (2H-13) showed correlation with the methyl at δ 0.97 (H-14) and defined the other amino acid portion as isoleucin.
The comparative analysis of BB and DEPT-13 C NMR and bidimensional spectra revealed 17 spectral lines. From this analysis, one can deduce the presence of two carbonyls, four methyls, two methylenes, six methines and three sp 2 quaternary carbons.
The HMBC spectrum showed long-range correlations between the hydrogen at δ 8.19 (H-2) and the carbon at δ 156.7 (C-6). The peptide moiety was confirmed by the correlations of the methine at δ 3.57 (H-11) with the carbonyl at δ 173.6 (C-10), as well as the correlation of the methylene at δ 1.79 (H-18β) with the other carbonyl at δ 175.7 (C-16). The differentiation of IleLeu and LeuIle sequences was established by the use of estimation NMR 13 C data by ChemBioDraw Ultra ® program that revealed differences in the chemical shifts of the methines at C-14 and C-20. The estimated chemical shifts for the IleLeu sequence were observed at  62.3 (C-14) and 52.8 (C-20), and the chemical shifts for the LeuIle sequence at 56.4 (C-14) and 57.0 (C-20), respectively. Thus, the chemical shifts observed for the methines at  60.9 (C-11) and 54.5 (C-17) for 1, were in accordance with the Ile-Leu sequence. On the basis of this evidence, the structure of compound 1 was elucidated to be 9-[N-(leucyl)-isoleucyl]-adenine.
Compound 2 was isolated as a colorless resin and showed a molecular ion peak relative to the molecular formula C 10 H 17 N 5 O at m/z 224.1493 [M + H + ] (calcd for C 10 H 18 N 5 O: 224.1506) in the HRESIMS. Its 1 H NMR spectrum consists of only one deshielded aromatic hydrogen at δ 7.96 (s, H-2), in addition to two methylenes, one deshielded at δ 2.77 (m, 2H-10) and the other at δ 1.45 (m, 2H-11), one methine at δ 1.68 (m, H-12) and two superimposable methyls at δ 0.87 (d, J = 6.0 Hz, CH 3 -13,14). The COSY spectrum suggested a subsystem formed of one isopropyl and two consecutive methylenes through the vicinal correlations between the methylene at δ 2.77 (2H-10) with the other at δ 1.45 (2H-11), which in turn, correlated with the methine at δ 1.68 (H-12). In addition, the methine at  1.68 (H-12) also showed correlation with the methyl groups at  0.87 (CH 3 -13,14). The adenine framework and its substitution pattern was clarified by HMBC cross peaks, which showed correlation of the aromatic hydrogen at δ 7.96 (H-2) with the carbons at δ 154.1(C-6) and 156.8 (C-4) , besides correlations between the methylene at δ 1.45 (2H-11) and the methyl carbons at δ 22.1 (2CH 3 -13/14), and the methine at  1.68 (H-12) with the carbon at  36.6 (C-10). The presence of the hydroxyl group at C-8 was inferred by the ion peak at m/z 137.0471 in the HREIMS, which was related to dehydration and loss of the lateral chain. From the data above it was possible to characterize the structure of 2 as 8-hydroxy-8-isopentyl-7,8-dihydroadenine.
Compound 3 was isolated as a yellow resin and showed a molecular ion peak in the HRESIMS at m/z [M + H + ] 348.2372 (calcd for C 20 H 34 N 3 O 2 : 348.2645), which is consistent with the molecular formula C 20 H 33 N 3 O 2 .
The support for a peptide lateral chain containing a N-IleLeu moiety came from the comparative analysis of its 1 H NMR spectrum with that observed for compound 1, which revealed signals related to four methyls at δ 0.98 (d, J = 7.5 Hz, CH 3 -14), 0.97 (d, J = 7.5 Hz, CH 3 -13) and 0.96 (t, J = 9.0 Hz, CH 3 -7) and 1.03 (d, J = 9.0 Hz, CH 3 -8), besides four methines at δ 3.54 (dd, J = 9.0, 3.0 Hz, H-10), 3.50 (d, J = 8.0 Hz, H-4), 1.80 (m, H-12) and 1.95 (m, H-5). The only differences were the presence of two additional methylenes at δ 3.18 (sl, H-1) and 2.99 (sl, H-2), and the signals relative to an adenine framework were substituted by signals of a monosubstituted aromatic ring at δ 7.27 (m, H-2´/6´), 7.22 (m, H-3´/5´) and 7.20 (m, H-4´).
The partial structure of the IleLeu residue was confirmed in the HMBC spectrum by long-range correlations between the hydrogen at δ 3.54 (H-4) with the carbon at δ 41.8 (C-6) and the carbonyl at δ 174.0 (C-3). Other cross-peaks were observed between the methylene hydrogens at δ 1.80 (H-11β) with the carbons at δ 61.0 (C-10) and 15.6 (C-14), and between both hydrogens at δ 7.22 (H-3´/H-5´) and 3.18 (H-1) with the carbon at δ 138.0 (C-1´), revealing one benzeneethanamine moiety containing an N-linkage with the carbonyl at C-3. As observed in compound 1, the chemical shifts for the methine carbons at  61.0 (C-4) and 54.4 (C-10) on 3, were in accordance with the IleLeu sequence.
Based on these results, compound 3 was identified as one tyrosine derivative of its fully C-4´dehydroxylated form, named N-[N-(leucyl) isoleucyl]phenethylamine.
Experimental
General: The NMR spectra were obtained from either a Bruker Avance DRX 500 or DPX 300 instrument. All pulse sequences are standard in the Bruker XWIN-NMR software. The samples, dissolved either in DMSO or CD 3 OD (0.6 mL), were transferred to 5 mm tubes. High resolution mass spectra were recorded on an UltrOTOF-Q (quadrupole orthogonal time-of-flight) mass spectrometer (LC-IP-TOF model 225-07100-34, Shimadzu) in positive ionization mode of the ESI source. HPLC (high performance liquid chromatographic) analyses were performed on a Shimadzu chromatograph (Japan) equipped with a ternary pump (Shimadzu LC-20AT) and PDA (photodiode array) detector (Shimadzu SPD-M20A), using Phenomenex columns (analytical: 250 × 4.6 mm, 5 μm; semi-preparative: 250 × 10 mm, 10 μm). HPLC grade EtOAc, isopropanol and MeOH were purchased from Tedia Co (Brazil, São Paulo) and the HPLC grade water was obtained by a Milli-Q purification system (Millipore, Bedford, USA). Column chromatography was performed on silica gel 60 (VETEC, 70-230 and 40-63 mesh). TLC (thin layer chromatography) was performed on pre-coated silica gel aluminum sheets (Merck) and the compounds were visualized by UV detection and by spraying with vanillin/perchloric acid/EtOH solution, followed by 5 min heating. 
Extraction and isolation:
The marine invertebrate (2.465 Kg) was triturated and extracted with MeOH. The solvent was removed under reduced pressure yielding a dark extract (39. 2 g) . The MeOH extract (39. 2 g) was dissolved in a mixture of MeOH:H 2 O (1:1 v/v) and submitted to liquid-liquid partition with n-hexane, CH 2 Cl 2 , EtOAc and n-BuOH to give 4 fractions. The EtOAc fraction (17.0 g) was chromatographed on silica gel and eluted with n-hexane, CH 2 Cl 2 , EtOAc and MeOH mixtures with increasing polarity to give 11 fractions. Sub-fraction F-5 yielded pure thymidine (11.0 Alkaloids from the Ascidian Eudistoma vannamei Natural Product Communications Vol. 9 (12) 2014 1715 mg). Sub-fraction F-7 (135.0 mg) was purified by HPLC on a normal phase column and eluted with EtOAc/isopropanol (80:20) as an isocratic mixture to afford 2'-deoxyuridine (15.0 mg).
Successive flash chromatography of the n-BuOH (1.5 g) fraction using CH 2 Cl 2 , EtOAC and MeOH as mixtures with increasing polarity yielded 8 fractions. Sub-fraction F-6 (123.2 mg) was chromatographed by HPLC using a semi-preparative Phenomenex RP-18 column and a mixture of H 2 O:MeOH as mobile phase, to yield 7H, -Ile]-phenethylamine (3) (1.8 mg), 8-hydroxy-8-isopentyl-7,8-dihydroadenine (2) (6.1 mg) and phenylalanine (4.0 mg). Fraction F-7 (140.5 mg) was submitted to the same chromatographic process using H 2 O/MeOH (70:30) as eluent, to yield 9-[N-(Leu)-Ile]adenine (1) (2.6 mg). 
